Background/Objectives: Vitamins can help improve cardiovascular control. In contrast, smoking works in the opposite fashion, reducing the baroreflex control of heart rate (HR) possibly via oxidative stress. High-fat challenges also impair cardiovascular regulation. Whether vitamins have acute beneficial effects on the baroreflex control of HR in smokers is unclear. Subjects/Methods: A randomized, placebo-controlled crossover study in 30 male smokers (34.276.9 years). Interventions were: (1) moderate (vitamin C (300 mg) and E (75 IU) and folic acid (1 mg)); (2) high doses of vitamins (vitamin C (2 g) and E (800 IU), and folic acid (5 mg)); or, (3) placebo. Vitamins were ingested with cream (a high-fat challenge) or milk (low-fat control). Four hours later, blood was withdrawn and radial pulse wave forms recorded via tonometry. Spontaneous beat-to-beat variations in HR and systolic blood pressure (SBP) were analysed by spectral analysis techniques and sympathovagal control of HR and baroreflex sensitivity (BRS) were assessed. Results: High doses of vitamins increased plasma vitamin C, E and folic acid levels (Po0.05) with no change in SBP, HR or BRS (P40.05, analysis of variance). Plasma vitamin levels did not correlate with any cardiovascular parameters. Moderate vitamins increased the vagal control of HR ( þ 23%; Po0.05) and cream led to small increases (Po0.05) in SBP ( þ 2 mm Hg) and HR ( þ 2 beats min À1 ) with no change in BRS. Conclusions: In male smokers, circulating antioxidants had no effect on BRS and minor effects on the cardiovascular system were seen following acute fat and vitamin ingestion.
Introduction
A growing number of reports are focusing on the health benefits of foods with the realization that diet is a potential way to influence health (Fu et al., 2006) and possibly help control the development of certain diseases (El Sayed and Hainsworth, 1996; Schroeder et al., 2002; Béchir et al., 2005) . An effect of diet on the baroreflex sensitivity (BRS) of heart rate (HR) is one such area. Physiologically, BRS is a marker of circulatory autonomic control (Studinger et al., 2004) and has been shown to decline with age and arterial stiffening of the vascular wall (Monahan et al., 2004) . Clinically, depression of BRS can be used to predict cardiovascular morbidity and mortality (Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology, 1996; Lammers et al., 2006) .
Lifestyle factors like exercise (Hainsworth, 1998) , smoking (Anan et al., 2006) , mental stress (Ruediger et al., 2004) and diet (Fu et al., 2006) modulate circulatory autonomic control. Indeed, in healthy, young adults, the chronic consumption of vitamin E (700 IU day À1 for 4 weeks) reputedly increases BRS (Studinger et al., 2004) . Improvements have also been documented following acute ingestion of 5 g and in elderly hypertensives (Béchir et al., 2005) . The same is true for vitamin C (2-5 g) with acute increases in BRS reported in elderly (Monahan et al., 2004) and chronic heart failure patients (Nightingale et al., 2003) . In normal controls, however, these high doses had no effect on BRS (Nightingale et al., 2003; Monahan et al., 2004) . It is also interesting to note that studies looking at the acute vascular effects of diet report that the co-ingestion of high doses of vitamins and folic acid improve endothelial function against a background of increased oxidative stress (for example, smokers (Hornig et al., 1998; Carr et al., 2000; Ellis et al., 2000) and ingestion of a highfat meal (Pellizzer et al., 1999) ). This suggests that vitamins may improve BRS by increasing the antioxidant status of subjects. Therefore, we designed a randomized, cross-over trial to test the acute autonomic effect of vitamins and folic acid. Smokers were chosen as BRS is reportedly attenuated in this population (Kardos et al., 2001; Arosio et al., 2006) and this is often explained by increased oxidative stress (Zhou et al., 2000; Karatzi et al., 2007) . Two doses of vitamins and folic acid were included-a high dose replicating previous studies and a moderate dose reflecting levels achievable through diet. Our primary objective was to assess whether vitamin concentration related to cardiovascular autonomic control and whether this is explained any putative changes.
High-fat meals reportedly impair vascular reactivity (Pellizzer et al., 1999) and BRS (Shaltout and Abdel-Rahman, 2005) . We used this challenge (that is, cream) to evoke a more marked effect of treatment in smokers. The secondary aim being to assess the potential effect of vitamins and folic acid in the presence of a high-fat challenge. The independent effect of vitamins and fat were then analysed using statistical techniques.
Method
Subjects Thirty smoking subjects were recruited in this study. In four subjects, data were not completed for various reasons.
This was a randomized, placebo-controlled, cross-over trial. Interventions were placebo (cellulose in capsules), moderate vitamin or high vitamins and they were consumed (on separate visits) with either a high-fat (50 ml of whipping cream containing 50 g of fat) or low-fat challenge (50 ml milk containing 5 g of fat). Moderate-vitamin capsules contained 300 mg of vitamin C, 75 IU of vitamin E and 1 mg of folic acid. The high-vitamin capsules contained 2 g of vitamin C, 800 IU of vitamin E and 5 mg of folic acid. In the text, we use vitamins to denote the combination of ingestion of vitamin C and E, and folic acid. These interventions were analysed in the presence of milk or cream. A difference between treatments and the independent effect of vitamins and high fat was assessed.
Six interventions were tested, each separated by 1 week. Subjects were measured on the same day of the week and the same time. All subjects fasted for 12 h prior to investigation and refrained from smoking 2 h prior to measurements. Recordings were performed twice in 1 day. Morning recordings served as a baseline measurement. The subject then ingested an intervention. Four hours later (that is, afternoon), measures were repeated. In this time frame, fats exert their vascular effects (Vogel et al., 1997; Ruano et al., 2005) . Subjects were monitored in a temperature-controlled room (range, 22-25 1C) .
The following exclusion criteria were applied: serious longterm chronic disease requiring active treatment; subjects taking blood-pressure medications, cardiac medication, lipid-lowering agents and aspirin; subjects with a blood pressure in excess of 160/95 mm Hg; ingestion of vitamins E and C, and folic acid in the previous 2 months; body mass index o18 and 432 kg m
À2
; smoked o5 cigarettes day À1 ; had smoked for o1 year; were aged o18 or 445 years; finally women were not recruited to avoid potential changes in autonomic control over the menstrual cycle.
Water was available ad libitum. Subjects were not, however, allowed to smoke; drink caffeine or alcohol-containing beverages; to consume vitamins; or, participate in strenuous exercise (cycling to Unilever R&D Vlaardingen on experimental days and exercising more that 5 h per week). On each visit to the laboratory, the subjects were briefly interviewed to assess compliance with these pre-defined restrictions. All experimental procedures were explained and a signed informed consent form was obtained prior to first measurements. All experiments were conducted in accordance with Unilever's local Medical and Ethical procedures and complied with Helsinki guidelines. Volunteers were recruited through local advertisement.
Blood pressure acquisition
Left radial arterial blood pressure was captured using a tonometer (model CR-2000; Hypertension Diagnostics Inc., Eagan, MN, USA). Briefly, upon reporting to the laboratory, subjects were instructed to sit comfortably for 10 min and refrain from speaking and moving. During this time, the tonometer was positioned over the left radial artery. The left forearm was supported on a flat surface and the wrist and hand stabilized to prevent motion. Blood pressure was recorded from the right arm using an automated oscillometric blood pressure cuff. Radial arterial waveforms were then acquired for 30 s at a sampling rate of 200 Hz and calibrated using systolic and diastolic cuff pressures. This method has been described (Rietzschel et al., 2001 ) and validated (Zimlichman et al., 2005) . Three measurements were conducted and beat-to-beat values for systolic (SBP), diastolic (DBP) and mean (MBP) arterial pressures were acquired. To facilitate the calculation of BRS (in ms mm Hg À1 ), changes in heart were expressed as changes in its reciprocal value (that is, pulse interval (PI)), which reflects the duration of each heart beat (in ms).
These 30-s recordings were also analysed to assess the magnitude of spontaneous variations. The amplitude of SBP and PI variations was examined in two frequency rangeslow-(lf: 0.04-0.15 Hz; reflecting sympathetic control mechanisms) and high-frequency domains (hf: 0.15-0.40 Hz; reflecting mainly vagal control mechanisms). The ratio of the amplitudes of lf-to-hf fluctuations in PI are considered to reflect cardiac sympathovagal balance (Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology, 1996; Kuo et al., 1999) . From beat-to-beat values of SBP and PI, BRS was derived using trigonometric regressive spectral analysis (Ruediger et al., 1999) . This technique compares very well with other established techniques that also derive BRS from beat-to-beat changes in blood pressure and HR (Laude et al., 2004) and has the advantage that it allows the measurement of varying lengths of data (Ruediger et al., 1999 (Ruediger et al., , 2004 . Further details on this mathematical technique can be found at www.cbi.dongnocchi.it/glossary/home.html.
Finally, mean values were calculated by taking the average of the three 30-s recordings.
Variation of BRS measurements. Within-and betweenpersons variability for BRS was derived from multiple (four) recordings in six persons. Morning recordings were used. On each visit, the mean, s.d. and variance was calculated. The within-subject coefficient of variation was expressed as the square root of mean variance divided by the group mean and multiplied by 100 (Bland and Altman, 1986) . The betweensubject coefficient of variation was expressed as the s.d. divided by the mean and multiplied by 100 (Abbink et al., 2001 ) (see Table 1 ). Measurements of SBP and PI variability, and BRS were not dissimilar from those reported elsewhere (Laude et al., 2004) .
Biochemical measurements. After blood-pressure recordings, 5 ml of venous blood was collected in heparinized vacutainers for the measurement of plasma vitamins C and E (atocopherol), and folic acid (from serum folate levels). Plasma levels of vitamins C and E were determined by highperformance liquid chromatography (see Studinger et al., 2004) and folic acid was measured using a commercially available competitive protein-binding assay (Doshi et al., 2002) .
Data analysis. Data were analysed using SAS (version 9.1; SAS Institute, NC, USA). The effect of treatments (vitamins) and fat load (cream or milk) on study outcomes was evaluated using analysis of variance of mixed models. This model included the treatment, the fat challenge and study period as well as the interactions between them as fixed factors and subjects as a random factor.
In some cases, the trigonometric regressive spectral analysis algorithm was unable to calculate specific values (due to moving artefacts) and the statistical model was used to account for these missing values. Baseline values were used as a covariate in the analyses. All tests were two-sided. Data were checked for normal distribution. Po0.05 was considered statistically significant. Results are presented as means7s.e.m. unless stated otherwise. Table 2 shows basal haemodynamic characteristics. BP values indicate that subjects were normotensive and had normal resting HRs. Table 3 shows plasma vitamin levels following ingestion of the six test interventions. The highest dose increased vitamin levels compared with placebo (Po0.05), but only vitamin C level was increased by moderate doses (Po0.05). These trends were seen in cream and milk groups.
Results

Mean plasma vitamin levels
Effect of intervention on mean blood pressure and pulse interval Table 4 shows SBP and PI under the six test interventions. Little or no effect was seen when vitamins were taken with milk or cream. Analysis based on fat and vitamins alone showed that cream increased mean SBP ( þ 2.1 mm Hg; Abbreviations: BRS, baroreflex sensitivity; PI, pulse interval; TRS, trigonometric regressive spectral analysis.
Results are presented as the mean from six subjects and recorded on four separate morning visits to the laboratory. lf and hf refer to low and high frequencies as specified in the method section. 
Plasma vitamin levels versus autonomic functions
Mean plasma vitamin C, vitamin E and folic acid levels were plotted against BRS and the index of cardiac sympathovagal balance (that is, ratio PI_lf-to-PI_hf). Plots revealed no correlation between variables (P40.05) (see Table 5 ). Furthermore, changes in plasma vitamin levels (minus placebo) showed no correlation with cardiac autonomic parameters or changes therein (data not shown).
Effect of interventions on the baroreflex control of the heart
The six test interventions had no effect on BRS (P40.05). Assessment of vitamins and fats alone showed no effect (P40.05).
Effect of intervention on blood pressure and cardiac sympathovagal balance
The lf and hf bands of SBP and PI were not changed by intervention (P40.05; Table 4 ). In only the cream group did moderate vitamins increase PI_hf ( þ 9.5%; P ¼ 0.004)-suggesting increased vagal tone. Analysis of the independent effect of fats or vitamins showed that fats had no effect (P40.05). Moderate vitamins decreased PI_lf (P ¼ 0.064) and increased PI_hf (P ¼ 0.0008; Figure 1 ). This led to an overall decrease in cardiac sympathovagal balance (P ¼ 0.03; see Figure 1 ).
Discussion
In young smokers, BRS was not affected by acute ingestion of vitamins when consumed with cream or milk. No relation between BRS and plasma vitamins levels was found, which contradicts the hypothesis that vitamins increase BRS via an antioxidant effect. When blood pressure and HR were analysed in the time domain, cream led to a small, significant increase in mean SBP and mean HR. In the frequency domain, moderate vitamin consumption increased vagal control of HR with no noticeable effect on BRS. Some foods are suggested to affect BRS, such as folic acid (Béchir et al., 2005) , ascorbic acid (Nightingale et al., 2003; Monahan et al., 2004) , vitamin E (Studinger et al., 2004) and fats (Mills et al., 1990; Straznicky et al., 1997; Geelen et al., 2003) . As a general rule, effects with foods are seen when ingested for extended periods of time (Mills et al., 1990; Straznicky et al., 1997; Fu et al., 2006) , when administered intravenously (Nightingale et al., 2003; Monahan et al., 2004; Studinger et al., 2004; Béchir et al., 2005) or when there is some underlying vascular condition (Béchir et al., 2005; Fu et al., 2006) . Few studies have focused on the acute autonomic effects of foods, although there is evidence that high doses of vitamins and folic acid acutely affect the vasculature (Hornig et al., 1998; Carr et al., 2000; Ellis et al., 2000) . We wanted to determine if BRS was changed by acute vitamin ingestion. To test this, we used smokers as spontaneous BRS is reported as being lower (B6-12 ms mm Hg À1 ) (Gerhardt et al., 1999; Al Kubati et al., 2006) than in normal controls (B16 ms mm Hg À1 ) (Tank et al., 2000) . When high doses of vitamins were consumed with cream or milk, there was no detectable effect on steady state SBP, HR and BRS. We then compared cream with milk, and vitamins with placebo. Cream was found to increase SBP and HR with no change in BRS or cardiac sympathovagal balance. Moderate vitamins significantly decreased the amplitude of HR variations in the lf range by B13%. HR variability in the hf range was increased by B16% (from 47.1), reflecting a B23% decrease in cardiac sympathovagal balance. A significant increase in plasma vitamin levels was detected. Plasma ascorbic acid increased to levels reported by Nightingale et al. (2003) (from 43 to 127 mmol l
À1
). This was also true for vitamin E (plasma levels increased from 22 to 49 mmol l À1 after 1 month) (Studinger et al., 2004) . Interestingly, circulating antioxidant levels have been reported to be inversely related to antioxidant stress (Actis-Goretta et al., 2004) . Hence, we take this as evidence that BRS is not affected by antioxidant levels and would imply that any improvement is through an antioxidant effect. We did not consider the prolonged effects of vitamins (Bader et al., 2006) or the effect of even higher doses (mainly because the high doses tested can not be recommended as part of a normal diet). The other point to make is that vitamins and fats had no effect on BRS, which contrasts with their reported effects on endothelial cell functions (Shaltout and Abdel-Rahman, 2005) . Vitamins did, however, have a direct effect on cardiac vagal activity and this could be due to a local anti-inflammatory reaction (Tracey, 2002) .
What is the relevance of the current findings? Straznicky et al. (1997) , Mills et al. (1990) and Geelen et al. (2003) assessed the influence of fat on baroreflex function. All studies were nutrition trials, lasted more than 2 weeks and performed in healthy subjects. Borage oil increased vasoconstrictor responses to lower body negative pressure, had no effect on PI (Straznicky et al., 1997) and improved baroreflex control. However, a 2-week low-fat diet decreased SBP by 6 mm Hg and increased PI by B80 ms (Straznicky et al., 1997) . Safflower and fish oils (Mills et al., 1990; Geelen et al., 2003) were reported to have no effect on BRS. The current results also show fats to have little effect on BRS of oils. The new finding is that small changes in SBP and HR are detectable 4 h after ingestion.
Several studies have looked at the effect of vitamins. Monahan et al. (2004) compared the effect of intravenous injection of vitamin C (4-5 g per infusion) in young and old subjects. No change in SBP and PI were observed in either group. BRS was unchanged in the young and increased (by B50%) in elderly subjects. Nightingale et al. (2003) tested the effects of vitamin C following ingestion and intravenous injection. A measure of 4 g day À1 for 4 weeks lowered SBP by 9 mm Hg and increased BRS from 7.2 to 8.9 ms mm Hg À1 in chronic heart failure. In this population, acute intravenous vitamin C improved BRS by 1.8 ms mm Hg
. However, in normal subjects, vitamin C had no effect. The chronic ingestion of 700 IU day À1 vitamin E for 1 month (Studinger et al., 2004) has also been shown to improve BRS (increasing lf transfer gain from 11.4 to 18.5 ms mm Hg
) with no effect on SBP or PI. The same has also been observed in hypertensives following the acute ingestion of 5 g folic acid (Béchir et al., 2005) . Here, the a-coefficient was 1.3 ms mm Hg À1 in those taking folic acid versus À0.1 ms mm Hg À1 in those receiving a placebo intervention. We found no effect on BRS. One explanation could be the variation of our method, although this is not likely as it was not too dissimilar from other BRS approaches (Laude et al., 2004) . Our data also show that vitamins have no vascular effects and this contradicts dietary studies investigating the endothelium (Hornig et al., 1998; Carr et al., 2000; Ellis et al., 2000) . Our new finding is that vitamins can modulate cardiac autonomic control at doses around four times their recommended daily intake.
Conclusion
In young smokers, BRS was not changed by the ingestion of fat or vitamins and we could not demonstrate an effect via an antioxidant mechanism. Analysis of PI and SBP showed that high-saturated fats led to a small increase in SBP and HR, and vitamins tended to improve cardiac sympathovagal balance. In our population, this offers limited clinical significance but further studies in higher risk groups may be more clinically relevant. Figure 1 Changes in PI_lf, (top panel), PI_hf (middle) and their ratio (bottom) with vitamins (that is, controlling for the effect of the fat challenge). Plots show mean7s.e.m. from 26 men. lf and hf denote low-and high-frequency bands, respectively. *Po0.05 when compared with placebo. P ¼ 0.06 when PI_lf (%) was compared with placebo. Comparisons between moderate-and high-vitamin intake revealed no significant differences.
